Heparinised plasma samples have falsely high blank values in the automated imrnunoprecipitation system when blanks are measured by omitting antiserum from the assay. This is probably due to an interaction of heparin and serum proteins, together with either fibrinogen or polyethylene glycol. A more accurate estimate of the blank of heparinised plasma samples is obtained by measuring it with a solution of nonimmune serum substituted for the antiserum.
The assay of particular serum proteins by an automated immunoprecipitation (AlP) technique has become increasingly popular in recent years. The potential advantages of this type of assay over the more conventional radial immunodiffusion or immunoelectrophoresis are considerable, the most important being the speed with which the results can be obtained and the convenience in handling large numbers of samples (Ritchie et al., 1973) . The basis of the assay is that a particular antigen in serum forms a complex with its specific antibody and precipitates, the rate of precipitation being increased by the addition of polyethylene glycol (PEG) to the antiserum (Hellsing, 1972) . Since the amount of antigen-antibody complex formed is measured by nephelometry, it is necessary to allow for the intrinsic light scattering effect of the sample in the calculation of results (Ritchie et al., 1973) .
The manufacturer's recommended method for this blank determination is to substitute a solution of PEG for antiserum/PEG solution, which is used in the test situation (Technicon Clinical Method No. 12) . It has, however, been our experience that on many occasions when we used this method very high blanks were found in samples which were not visibly cloudy or turbid. We now report that one reason for such spuriously high blank values can be the use of heparinised plasma samples instead of serum, and that in these cases a more accurate estimate of the blank value can be obtained by using a solution of nonimmune serum in PEG in place of the antiserum.
Serum or plasma was obtained by centrifugation at 3000 rev/min for 10 min. Samples were also obtained from the routine work load of the biochemistry department.
Antisera
Monospecific goat antisera (Technicon) to human serum proteins were used. For most studies antihuman C3 (f3U/f3lC globulin) was used.
Antisera were diluted 1 :40 with a solution of 4 % polyethylene glycol (PEG) in saline (9 gfl) and were allowed to stand for 30 min before filtration through a Millipore filter <0.22 /Lm pore diameter).
Nonimmune sera
Preparations of nonimmune goat, bovine, and human sera were obtained and were processed in the same way as antisera.
Other reagents
Technicon AlP reference serum was used to produce a standard curve for the protein being assayed. NaCI (9 gil) (Baxter) containing Tween 20 m.15 ml/l) was prepared. PEG 6000 (BDH) was dissolved in saline (9 gil) to a final concentration of 40 gil. Protamine sulphate (1 %) was supplied by Weddel Pharmaceuticals Ltd (London).
Radial immunodiffusion (RiD) assays
Assays were performed by RID using Tri-Partigen plates (Behringwerke), and Technicon standard protein solution.
MATERIALS AND METHODS

Blood samples
Venous blood samples were obtained from healthy laboratory staff and added either to plain Specific protein analysis glass tubes or to plastic tubes coated with dried lithium heparin (Searle Laboratories, 125 IV A standard ALP system (Technicon) using monoheparin/tube) or with dried potassium sequestrene chromatic light at 355 nm was modified slightly to (EDTA) (Searle Laboratories, 20 mg EDTA/tube). accept samples prediluted 1:40 with saline. A 163 sampling rate of 120/h was used, and a 0.1 ml/min line introduced the sample to the antiserum stream, which flowed along a 1 ml/min line. Either before or after each set of test analyses blank determinations were made by transferring the antiserum line into a solution of either 4 % PEG (PEG/saline) or nonimmune serum in 4 % PEG (PEG/serum). Where analyses were performed in absence of PEG, a 5 min delay coil was introduced into the system.
RESULTS
It was during a study of the changes in concen-
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Standard. tration of "serum" proteins in a particular patient that it first became evident to us that when serum samples were used for analysis by AlP the blank values were low, but when heparinised plasma was used the blank values were very much higher. This led to a lower calculated value for the specific lell Slanddtd. proteins when plasma was used. A systematic study was therefore performed to compare serum and plasma samples from the same individuals. Most of the results shown in this report are for C3 assays, but similar results have also been obtained for IgA, 19M, transferrin, caeruloplasmin and a2 macro- globulin assays. Since the problem only affects the blanks, it will arise in the assay of any protein for which the sample dilution required is such that the intrinsic light scattering of the samples could have a significant effect. It is clear that virtually no significant differences in test peak height for C3 analyses were found between serum, EDTA plasma, and heparinised plasma from the same individual ( Fig. la) . However, when the antiserum line was transferred to PEG/ saline and the sample blanks determined, EDTA plasma and serum had low blanks whereas heparinised plasma had very high blank values, which were indeed often higher than the test peak heights (Fig. Ic) ,
The probability that these high blanks were due to the presence of heparin in the sample was tested by adding 1 ml of each serum and plasma sample to a lithium heparin tube, inverting several times, and reassaying the samples. Test peak heights were only very slightly raised ( Fig. 1b ) but all blank values were markedly raised ( Fig. 1d ). This confirms that the presence of heparin leads to the production of high blanks.
The role of PEG in the development of these high blank values was tested by reassaying the same samples in the absence of PEG in a suitably modified system. Again the test peak heights of plasma and serum samples are virtually identical (Fig. 2a) , and a high blank value was found only with heparinised plasma (Fig. 2c ). However, in these circumstances adding heparin to all the samples led to the EDTA plasma but not the serum developing a high blank. It may be concluded, therefore, that plasma contains a component, presumably fibrinogen, which interacts with heparin in the absence of PEG and leads to the production of light-scattering particles.
The importance of the heparin concentration in producing high blanks was tested by adding varying amounts of blood to lithium heparin tubes (Table 1) . Test peak heights were found to be only slightly increased by high concentrations of heparin. By contrast, blank peak heights were very dependent upon heparin concentration. It should be noted that even with a lithium heparin tube full of blood the blank peak height is more than three times that of the comparable serum. One interesting feature is the marked variability in the results after adding the same volume of blood to heparin tubes. This is probably due to different degrees of solubilisation of the heparin from the wall of the tube. It is noteworthy that the levels of heparin in circulating blood of a patient receiving heparin therapy are too low to cause any significant change in blank peak height.
Attempts to remove effect ofheparin
(1) Use 0/ filtration and/or protamine sulphate- An attempt was made to nullify the effect of heparin in producing high blank values, by various manipulations of the samples involving filtration and addition of protamine sulphate (Fig. 3) . A number of conclusions can be drawn from this experiment. (i) A preliminary filtration of plasma (sample 3) or serum (sample 14) has little effect on either test or blank peak height. Filtration of the prediluted plasma (sample 4) or serum (sample IS), however, leads to a marked reduction in both test and blank values.
(ii) Addition of protamine sulphate to the predilution of heparinised plasma produces a characteristically bizarre spiked peak shape (Fig. 3a,  sample 6 ). No such effect is seen with serum samples (Fig. 3a, sample 17 ). This can therefore be the basis of a test to distinguish between heparinised plasma and serum samples.
(iii) If protamine is added to the predilution of plasma or serum and these samples are then filtered, both the test and the blank peaks completely disappear ( Fig. 3, samples 8 and 19) .
(2) Use of nonimmune serum ill measuring sample blank.
(i) Plasma samples. It is clear that the blank values obtained using the standard method are invalid when samples of heparinised plasma are assayed. Blank analyses were therefore performed by substituting non immune goat serum in PEG for the standard PEG solution. With this modified system the blanks found with heparinised plasma were approximately equal to those found with serum ( Fig. 4) . It is also apparent that the serum blanks themselves are reduced, as are the blanks of the standard protein samples run with each assay. Thus Fig. 3 .~EfI'ect of filtration and/or protamine sulphate on peak heights in tbe standard AlP system (a) C3 test traces (b) Blank traces obtained using PEG/saline. Samples were prepared from pools of beparinised plasma (samples 1-9) and serum (samples 12-18). Samples 1, 2, and 9 were un-modified. Samples 3 and 14: 1 ml sample was filtered tbrough 0.22 ",m pore diameter Millipore filter. Samples 4 and 15: 1 ml of the prediluted sample was filtered as above. Samples 5 and 16: 10 ",I 1 % protamine sulphate was added to 1 mI prediluted sample. Samples 6 and 17: 20 ",II % protamine sulphate added to 1 mI prediluted sample. Samples 7, 18, and 8, 19: as for 5, 6, and 16, and 17 respectively, but the samples were filtered after protamine sulphate addition. Standard calibration was 532. the calibration curve is different when PEG/serum is used for determination of blank values. These changes in blank values are equally well produced by using nonimmune human or bovine serum instead of goat serum, but albumin at a concentration of 50 gil has less effect on blanks.
(ii) Serum samples. The accuracy of recovery from serum of added standard protein solution was compared by the two methods for blank measurements. The recovery was excellent in both cases (Table 2) . However, the calculated values of protein concentration were higher when PEG/serum was used for the blank determination. The results were similar whether serum with low blanks 01 with high blanks (due to high triglyceride concentration) was used.
In an attempt to assess the accuracy of the results obtained by using the different blank corrections the results obtained from a series of 19A and IgM analyses by AlP were compared with the values obtained by RID (Table 3 ). The correlation of the AlP and RID results was good, particularly so for IgA. The values obtained for both proteins when PEG/serum blanks were used were significantly higher than with PEG/saline blanks (P < 0.(01). Moreover, although both IgA and IgM values obtained by AlP with PEG/saline blanks were significantly lower than the RID values (P < 0.001), the AlP values when using PEG/serum blanks were significantly higher than the RID values for IgA (P < 0.(05), but there was no significant difference with IgM. It was also noted that when there was a marked discrepancy between the values obtained by AlP with the two different blank corrections, the result obtained from Some problems in the correction for intrinsic light-scattering by automated immunoprecipitatlon 169 
<0.001 <0.005 <0.001 N.S.+ P values were calculated from a paired sample t test (Campbell, 1974) . N.S.-not significant.
the PEG/serum blank was invariably closer to the RJDvalue.
DISCUSSION
It is generally accepted that, when a biochemical assay depends on measurement of light absorption, fluorescent emission, or light scattering, the nonspecific effect of reagents alone and of sample alone should be subtracted from the values obtained under test conditions (Richterich, 1969) . When a continuous flow system is used, the reagent blank is included in the baseline correction. The sample blank is determined by excluding from the system the reagent which reacts with the blood component under assay. The validity of this technique depends on there being no interaction between the reagents and the test sample other than the specific reaction which forms the basis of the assay. This paper shows the type of problem which can occur if the sample blank is measured under invalid conditions. It has been clearly shown that when the antiserum/ PEG solution is replaced by PEG alone (as recommended by Technicon) the blank peak heights obtained are inappropriately high if the sample contains heparin. Moreover, since the test values are virtually unaffected by the presence of heparin, the blank values may even be higher than those of the tests (Fig. 1) . The exact cause of the light scattering in these blank analyses is uncertain but our data can be summarised as follows:
(1) Heparin + serum + clotting factors + PEG ....... blank tt (Fig. 1, heparin plasma results) .
(2) Heparin + serum -clotting factors + PEG ....... blank tt (Fig. 1, serum results) .
(3) Heparin + serum -clotting factors -PEG ....... blank +---->- (Fig. 2, serum results) .
(4) Heparin + serum + clotting factors -PEG ....... blank tt (Fig. 2 , heparin plasma and EDTA plasma results).
(5) Heparin -serum -clotting factors ± PEG ....... no blank (results not shown).
Interaction would therefore seem to be between heparin and a serum component, possibly low density lipoprotein (Marciniak, 1974) , with either PEG or clotting factors (probably fibrinogen) also being required for production of light scattering particles.
To assay blanks with PEG alone is probably quite satisfactory provided (a) only serum samples are used, and (b) those samples have low blank values.
It should be pointed out that Technicon in their methods sheet (No. 12) indicate that serum samples should be analysed, but that the methodology is adequate for measurement of fibrinogen in plasma. There is no warning given about the possible inaccuracy of use of heparinised plasma samples.
In our laboratory we frequently obtain for analysis samples sent to us already separated in other laboratories. We are thus not able to confirm that all samples are serum prior to analysis. It is therefore essential for us to use a method suitable for either plasma or serum samples.
It seems reasonable that the measurement of sample blanks should be performed in the presence of all other test substances except the antibody. For the AlP system this would mean substituting nonimmune goat serum for the antiserum, although nonimmune human or bovine serum has been shown to be as effective. By so doing the effect of heparin is eliminated. The probable explanation for this is that in the test system the complexes containing heparin are kept in solution by the presence of the antiserum, and no increase in light scattering is observed. The use of nonimmune serum when measuring blanks will therefore have a similar effect. The particular component of serum involved is not certain, but, since albumin alone is not as effective, globulins or lipoproteins may play an important role.
Many samples which do not contain heparin are found to have high intrinsic light scattering in the PEG/saline blank correction method. The commonest cause of this is a high triglyceride concentration (Ritchie and Clark, 1972) . But it is possible that other substances may be able to produce high blanks in the AIP system. For example, Quality Assurance Serum II (General Diagnostics, New Jersey) despite having a low triglyceride concentration (1.4 mmol/\) has a high blank value which is not significantly reduced by using PEG/serum for blank determination.
The use of nonimmune serum in the estimation of sample blank also affects the accuracy of the analysis of serum samples. In general the results are higher when PEG/serum is used for blank measurement, and our preliminary studies (Table 3) suggest that the values obtained by RID analysis agree better with these results than when the ordinary PEG/ saline blanks are used. Such studies are, however, complicated by the use of different types of antibody in the AlP and RID assays. Direct comparisons using accepted reference sera (e.g., W.H.O. standards) for several different proteins will be required to confirm that the results are indeed more accurate when the true sample blank is used.
On the basis of the above findings two recommendations can be made for the AlP system. (1) Serum samples should be used whenever possible. (2) Blank assays for intrinsic light scattering of samples should be performed with a true sample blank, that is, PEG/nonimmune serum rather than PEG alone. This will prevent any spuriously high blanks due to heparin and may also provide more accurate results for serum analyses.
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